Assessment of subconjunctival delivery with model ionic permeants and magnetic resonance imaging.
The objective was to assess the permeation and clearance of model ionic permeants after subconjunctival injection with nuclear magnetic resonance imaging (MRI). New Zealand white rabbit was the animal model and manganese ion (Mn2+) and manganese ethylenediaminetetraacetic acid complex (MnEDTA2-) were the model permeants. The current study was divided into three parts: in vitro, postmortem, and in vivo. Transscleral passive permeation experiments were conducted with excised sclera in side-by-side diffusion cells in vitro. Subconjunctival delivery experiments were conducted with rabbits postmortem and in vivo. The distribution and elimination of the probe permeants from the subconjunctival space after subconjunctival injections were determined by MRI. The data of excised sclera in vitro suggest large effective pore size for transscleral transport and negligible pore charge effects upon the permeation of the ionic permeants. The permeability coefficients of Mn2+ and MnEDTA2- across the sclera in vitro were 3.6 x 10(-5) cm/s and 2.4 x 10(-5) cm/s, respectively. Although relatively high sclera permeability was observed in vitro, subconjunctival injections in vivo did not provide significant penetration of Mn2+ and MnEDTA2- into the globe; permeant concentrations in the eye were below the detection limit, which corresponds to less than 0.05% of the concentration of the injection solution (e.g., less than 0.02 mM when 40 mM injection solution was used). The volume of the subconjunctival pocket and the concentration of the permeants in the pocket were observed to decrease with time after the injection, and this could contribute to the lower than expected subconjunctival absorption in vivo. Different from the results in vivo, experiments with rabbits postmortem show significant penetration of Mn2+ and MnEDTA2- into the globe with the permeants primarily delivered into the anterior segment of the eye. This difference suggests blood vasculature clearance as a main barrier for passive transscleral transport. The data also show that the pars plicata/pars plana is the least resistance pathway for passive transscleral drug delivery of the polar permeants, and there are indications of the presence of another barrier, possibly the retinal epithelium and/or Bruch's membrane, at the back of the eye. Subconjunctival delivery of the ionic permeants in vivo cannot be quantitatively predicted by the in vitro results. MRI is a noninvasive complementary technique to traditional pharmacokinetic methods. It can provide insights into ocular pharmacokinetics without permeant redistribution that can occur in surgical procedure postmortem in traditional pharmacokinetic studies when the blood vasculature barrier is absent.